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Remarks: General 

The claims have been amended by rewriting Claim 20; 
canceling Claims 24 and 26 without prejudice to or disclaimer of the 
subject matter thereof; and adding new Claims 27-3 1. No new 
matter is added by these amendments. 

New Claims 27-31 correspond, respectively, to original 
Claims 20, 21, 22, 23 and 25. 

A petition under 37 CFR §1.136 for a tliree-month 
extension of time to respond the Examiner^s action is enclosed, the fee 
for which should be charged to Deposit Account No. 04-1928 (E.I. du 
Pont de Nemours and Company). 

By Applicant's calculation, no fees are due by reason of the 
addition of new Claims 27-3 1 , The cancellation of Claims 24 and 26 
has been taken into account in the calcvilation of the fees^ If, 
however, Applicant's calculation is in error, or if any fee other than or 
in addition to those mentioned specifically above is required to 
authorize or obtain consideration of this response, please charge such 
fee to Deposit Account No. 04-1928. 

Claims 20-23, 25 and 27-31 are now active in the 
application. Applicant hereby requests reconsideration and further 
examination of the application in view of the reasons it has set forth 
below for allowance of the claims. 
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Remarks: Detailed Action 
I. 

In Item 1, the Examiner has rejected Claims 20 and 22~26 
under 35 U.S.C. §103(a) as being unpatentable over Regnier, 
Phytochemistry, Volume 6 (1967), Pages 1281-1289 in view of MaUat 
et al. Applied Surface Science 40 (1990), Pages 309-313. 

Claim 21 remains pending in the application, but Claims 
24 and 26 have been canceled, and Claims 27-31 have been added. 
A full copy of the Mallat reference is attached. 

On pages 1284-1286, Regnier discloses for use in the 
hydrogenation of nepetalactone catalysts that may be platinum, 
platinum oxide or palladium on strontium carbonate. Regnier thus 
does not teach or suggest anything about the subject matter of Claims 
20-23, 25 and 27-31 because those claims are directed to a process 
in which the hydrogenation occurs in the presence of paUadiimi 
supported on a catalirst support that is not SrCOa. 

Mallat describes the effect of the phase structure of Pd-Cu 
catalysts, as resulting from the method of preparation of the catalyst, 
on the activity of the catalyst in a liquid phase hydrogenation. Mallat 
thus does not add anything to Regnier that wotdd teach or suggest the 
subject matter of Claims 20-23, 25 and 27-31 because Mallat is 
concerned with the performance of a Pd-Cu catalyst whereas Claims 
20-23 and 25 are directed to the use of a catalyst with a metal 
promoter that does not include copper, and Claims 27-31 are directed 
to the use of a catalyst that consists essentially of palladium 
supported on a cataljrat that is not SrCOa. The presence of the copper 
in the catalyst described by Mallat definitely has a material effect on 
the performance of the two metals together for catalytic purposes. 

The field of catalysis is so unpredictable that it is not 
possible to infer from the use of a particiilar catalytic substance on a 
particular support that the same catalytic substance would perform 
the desired function on a different support, or that a diiferent catalytic 
substance would perform the desired function on the same support. 
It is also not possible to infer from the use of a particular metal pair 
for catalytic purposes that a different metal pair, or that one nietal in 
the absence of the other, would also perform the desired function. 
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Regniex's disdosiire of the use of a palladium on stroiitium 



carbonate catalyst thus does not teach or suggest anything about 
whether palladium on supports other than strontium carbonate would 
perform the desired catalytic function, as Applicant has discovered 
that it does. Moreover, Mallat's disclosure of use of the Pd-Cu pair in 
a hydrogenation does not teach or suggest anything about whether 
palladium would also perform the desired catalytic Junction in the 
presence of another metal, or in the absence of copper or another such 
metal. 

In view of the distinctions between Regnier and Mallat, and 
the subject matter of Claims 20-23 and 25 as discussed above, 
Applicant respectfully requests that the Examiner withdraw the 
rejection of those claims under 35 U.S.C. §103(a)» Applicant further 
submits that Claims 27-31 are also patentable for the same reasons. 



In view of the foregoing, Applicant submits that all of the 



Examiner's objections and rejections have been properly traversed, 
and that the pending claims are in condition for allowance, request for 
which is hereby respectfully made. 
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Respectfully submitted. 




jJonn. A. Lang\5aJrthy\ 
Aitqpiey for Applicant 
Registration No. 32,255 
Telephone: {302) 992-4362 
Facsimile: {302)992-5374 
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Appendix A 

(i) Amendments 
in marked-up form to 
Claim 20, 

(ii) New Claims 27-31, and 

(iii) Status of all other claims 



1-19. (canceled) 

20. (currently amended) A process for the production of a 
dihydronepetalactone of formula (XVI) comprising hydrogenating a 
nepetalactone of formula (XV) according to the following scheme: 

o 





(XV) (XVI) 
in the presence of (a) p alladium supported on a catalyst support that 
is not SrCO s, and fb) a metal promoter selected from the group 
consisting of li] those elements from groups 1 and 2 of the periodic 
table: (ii) tin, gold, silver and combinations thereof: and 
(iii) combinations of group S metals of the periodic table > 

21. (original) The process as recited in Claim 20 wherein the 
catalyst support is selected from the group consisting of carbon, 
alumina, silica, silica-alumina, titania, titania-alumina, litania-silica, 
bariiim, calcium, compounds thereof, and combinations thereof. 



22. (original) The process as recited in Claim 20 wherein the 
catalyst support is carbon. 
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23. (previously presented) The process as recited in 
Claim 20 wherein the palladiiim content is from about 0. 1 wt% to 
about 20 wt%, 

24. (canceled) 

25. (original) The process as recited in Claim 20 which is 
performed at a temperature of about 25°C to about 250*'C and a 
pressure of about 0.1 MPa to about 20 MPa. 

26. (canceled) 

27. (new) A process for the production of a 
dihydronepetalactone of formula (XVI) comprising hydro genating a 
ncpetalactone of formula (XV) according to the following scheme: 




in the presence of a catalyst that consists essentially of palladiiun 
supported on a catalyst support that is not SrCOa* 

28. (new) The process as recited in Claim 27 wherein the 
catalyst support is selected from the group consisting of carbon, 
alimiina, silica, silica-alumina, titania, titania-alumina, titania-silica, 
barixJim, calcium, compounds thereof, and combinations thereof. 

29. (new) The process as recited in Claim 27 wherein the 
catalyst support is carbon. 

30. (new) The process as recited in Claim 27 wherein the 
palladium content is from about 0.1 wt% to about 20 wt%. 
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31. (new) The process as recited in Claim 27 which is 
performed at a temperature of about 25°C to about 250°C and a 
pressiore of about 0.1 MPa to about 20 MPa. 
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FHASE STSXJCIUBE OF CAKBON SUFPORm> PALLADIUM-COPPER CATALYSTS 
T. MAIXAT 

C?rganic Chemical Technciogy Refearch Grmp, TetMad Umtxt^ cfBudopesi^ H-iSll HMit&uy 

S. SZABO 

Coand RBseardi Instate far OusmSstry^ Hunsprian 4caaeniy <]f Swnces, If'IS25 Butl^pes9, HungoFy 

and 

J, PETRO 

Lepartmeni of Orgmae Otemoal Technoi^ Tedimcal Uniwnity cf BudapesU H-1S2I ffungaiy 
Revived 5 May 19S9; wcqufid for pobficatiga 4 September 1989 

The phase stmctoe of 7%Pti-3*Cki on activated wrtwin catalysts vas smdfcd by polentiodynan^c polarization and XRE) 
methods. UnaHcpyed Fd, Pd-ridi disordered allDy, miaDoyed Cu and Cu a W phases and adsorbed Cu hawe beea doectcd, dqpeadiiig 
on difi picparatioa mez&odsw Activity in hydiogeiwiQn mt&cms was atuibmcd lo ihe PdHfich disorfood altoy phase. 



1. Infrodudion 

Pd^Cu cata^ts have attracted attention hooi 
both tbcoietical and ^ practical pinnts of view. On 
the one iiaiid, this couple is a typical representa- 
tive of the thoroughly investisated YIII-IB alloys 
{1-2], on the otIi«a-« copper has a ben^&ial effect 
on the selectivity of palladium m some partial 
hydrogeoaticdi reactions [4-8]. Nevertheless^ the 
correlation between surface structure and catalytic 
features Ia stxli not de^. 

It has been proved by XPS and A£S measure- 
ments that heat tieatment (500 K and above) in 
vacuum, hydrogen or air [9-12} caused a cc^per 
eoiichment which is in accord with segregatian 
theories [13-15]. In our opinion, however, the 
$tady of the copper-to-pallEdiuin ratio alone does 
not ^ve eooQgh information to answer the above 
question. Dowden [1] has pointed out that in such 
a complicated system as Pd + Cu, where more 
than two phases mig}lt be present on the surface 
activity changes are not easy to understand unless 

Ol$94332/90/S03.50 O Ekevier Sctencc PnbHshere B.Y. 
(North-Holland) 



the special conq>osltion of the ensembles was re- 
COgDized. 

Palladium and copper foim a homogeneous 
solid solution ({be) in equifihinun op to 40 atS Cu 
[161, Above this concentration Cu-iidbi disofd^d 
and ordered phases (CuPd and Cu^Pd) m^ be 
fonned. Five different copper containing phases 
may be present on the surface of the catalyst, of 
Tv^iich unalloyed copper is inactive m hydrogena- 
tion reactions bdow 100 ^'C Theoretically, the 
increased selectivity of Pd-Cu catalysts may be 
due to the presence of (i) Pd-rich disordered alloy, 
(u) Cii-iich disordered alloy or (iii) CuaPd phase. 
It is very probable that a CuPd ordered phase 
does not play any role in this study because it 
could be prepared only after special heal treat- 
ment [16], 

This type of catalysts is used mainly in the 
liquid phase (e.g. hydrogenation, hydrogenolysis, 
oxidation) and the temperature of its preparation 
and application is generally bdow 400 K. 

The aim of our study vas to investigate the 
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effect of preparation xx&ethods on the phase stnic* 
hire of Pd-Cu catalysts supported on activated 
carbon. The phase structure of diffcrcat Pd-Cu 
catalysts was studied electrochemically (by pcten- 
tiodynamic sweeps) and by XRD. Hie applicabil- 
ity of potcDtiodynainic polari2ation for ihe de- 
termination of the phase structure of the Pd + Cu 
system has been proved on melted and homogc* 
oized sheets [17] and tin$upported alloy- powders 
1181. 



2. Experimenial 

Analytical grade reagents and distilled water 

were used. 

The support was activated carbon (Carbo C 
Extra, BET surface area: 910 g"^). Metal 
loadings were 7 wt* Pd and 3 wt% Qi m each 
cast The Pd- and Cu-containing salts were ap- 
plied on the support by impregnation ^ciplent 
wetness method). The main parameteis of catalyst 
preparation are gathered in table 1. After reduc- 
tion the catalysts were washed with waiter (lOOO X 
by weight) in hydrogen (to remove Cl")j in argon 
and then in air and dxied in vacuun^ at room 
tempexature. 

The cell and electrodiemical polarization 
method have been described before [17,19]. The 
potential of ttie catalyst was measured with re- 
spect to a hydrogen dectrode immersed in the 
same supporting electrolyte which was in the mdia 
compartment of the cell 

Before the polarization 6 mg of dry catalyst 
powder was put on the smooth platinum sheet 
electrode. Ihc cell was purged with for 1 h. 



with H2 for 2 h and then fiUed with 0.5M H3SO4 
supporting electrolyte saturated with H2. Hydro- 
g^ was bubbkd through the ceU for 1 h to 
complete the reduction of the sample, then excess 
H2 was flushed ont of the cell by de-oxygenated 
Anodic pcdazization commenced from 0.03 V 
with a sweep xate of 10 mV min"^. 

The sulfurfc add electrolyte was prepared from 
txiply distOIed water and Merck analytical grade 
reagent. 

The lattice parameters were n^asured by Philips 
PW 1050 high ^gle X-ray powder diffractometer 
(Kjf- 154.18 pm, scanning speed: l"* (2tf) mm"'). 

The activity of the catalysts was measured in 
the liquid phase Iiydrogenation of hexen-l-onerS 
(to hexanoneK2X nitrobenzene (to aniline) or 
acetophenonfe (to 1-phenyl-ethanol and ethylben- 
zene). 1 cm* of reagent in 9 cn^ of ethanol was 
reduced with 50 of catalyst at 23-2^^ C and 1 
bar (n » 900 snii~^). luitial rates were detenzuned 
by extrap<^ata^ the hydrog^ consumption to 
zero time. 



3. Results and dbcnssion 

The 7%Pd-3«>i/C catalysts wer6 prepared by 
usual» conventional methods. Tlie parameters axid 
precursors were varied, but organic materials (as 
solvent, precmsor or redudnjg agent) were 
excluded* becanse of possible surface contanuna^ 
dons. 

The potentiodb^namic polarization curves of the 
catalysts prepared by sunultan^us reduction are 
showtl in fig. L It has been proved on unsup- 
ported powders that Cu dissolution in Pd (dis- 
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g 0.2 0.t D.6 0.B V 

Fig. 1. Pote&nodyiuuoic polaxizatioo wvcs of catalysts A-V, 
prepared by amultaneous rcdudioa. 

ordered alloy) decreases the peak potential of both 
absorbed (w^^kly bound) ai^d adsorbed (strongly 
bound) hydrogen [20]. Uzifortun^t^y, the two mam 
types of hydrogen are hardly distmguishable on 
the voltanunograms of carbon snppofted catalysts. 
This may be caused in part by the carbon support 
[21], and in part by the presence of various alloy 
phases with copper ccmteats of a broad composi- 
tion rangc» The latter statenjent is supported by 
the results of XRD study of the bulk structures 
(table 2). The peaks of the Pd-ri^ alloy phase in 
the dif£ractograms have trapezoidal maxima^ 
covering a broad concentration range^ (The ap- 
proximate Cu content of the alloy phase was 
calculated from the known correlation between 
lattice constant and bulk composition [20].) 

The interpretation of the voltanunograms in the 
range of metal di^solntion (0.3-0,7 V) is much 
more difficult than it was in the case of unsup- 
ported alloy powders [ISI, The peaks of the dis- 
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solution of unalloyed Cn (OJ-0.4 V) and the 
CujPd phase (OJ-0.6 V) are partly separated or 
not separated at alL Ihe overlapping of the peaks 
may be connected wth the dependence of the 
i(Huzation potential on the dispersity, crystallo- 
graphic surface structure and topography of the 
metal catalyst For example* the potential of the 
peak mawnum of the dissolution of the Cu^Pd 
phase was about 0.5 V on carbon supported Pd-Cu 
catalysts, about 0,1 V lower than on unsupported 
alloy powders [22}. It may be concluded from the 
shape of the curves and from the potentials of the 
beginning of dissolution thai catalyst A contains 
the largest amount of uuaUoyed Cu, whereas the 
amount of Cu phase is n^Hgible in catalyst D. 

CujPd phase and vnaQaycd Cu (in catalysts B 
and D) could not be detected by XRD (table 2). 
The es^lanation may be that the size of this phase 
was too small C* X-ray amorphous^ and/or it was 
present in a non-crystallme form. It was found 
earlier [17] that the <fi&actograms show th^ pres- 
ence of Cu^Pd in alloy sheets only after a 100 h 
thermal treatment at 400*^ C. 

The voltammograms of catalysts E and F, pre- 
pared by consecutive reduction of Cu** onto the 
surface of carbon supported Pd, are seen in &g. 2. 
The characteristic suface phase is unalloyed Cu in 
both cases. (Tbe inteqpetation of the doubkt at 
0.3-0-4 V can be found elsewhere [23].) TJor in- 
creased current between 0.4—0.6 V may corre- 
spond to the ionization of either a CujPd phase or 
adsorbed Cu [23-25], It is not simple to dis- 
tinguish them* as the potottial range of thdr dis- 
solution is about the same. In general, metal ad- 
sorption is a typical surface phenomenon, but the 
two-dimensional** aBcy may turn after some time 
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to a real, bulk. eHoy^ for which tbere are sevexal 
examples [26]. To check dns possibility we ex- 
tended the redzkciion step of the catalyst prepaia- 
tion for more than 200 h, but no change coizld be 
detected, thus, fonnation of CUjFd can be 
excluded. 

Utere are ccmsiderable hydrogen ionization 
peaks aronnd OlI V (fig- 2), Tvhidi are believed to 
be the distorted ionization maxima of hydrogen, 
dissolved in tbe imallpyed« bulk Pd. 

The catalysed reduction of Cu^'** at the surface 
of Pd metal resnlls in a cherry-type alloy. Unal- 
loyed» bulk Pd (see XRD data, table 2) is covered 
by fatiQc Ca and some adsorbed Co, Unalloyed Ca 
bdiaves as a banier in the oxidation process of 
absorbed hydrog^ 

The absence of active sites for hydrogen ad- 
sorption (and fbos lor bydrogenation reactions) is 
proved by casalytic mvesti^ations (table 3). Initial 
reaction rates ivere measured in the liquid phase 
hydrogcnatiaii of organic molecules with ^0<::^^ 
^C=0 or -NQi functions. The activities of cata- 
lysts E and F are about two orders lower than 
those of catalysts pr^aied by simultaneous reduo- 
tion. 

From catalytic aspects the most interesting 
question is the relation between catalytic actrvity 
and (surface) phase structureL To answer this 
question it is necessary to know which of the 
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Acuvidcs of Pd^Cu/C Catalysts m Hqmd phost bydrOgca^lion 
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phases are active (the nature of active sites) and to 
know the specific surface area of the phases. As to 
the former, h is certain that the Pd-^iich disordmd 
alloy (and the Pd itself) are active in hydrogen 
sorption, while unalloyed (bulk) Cu and adsorbed 
Cu are inactive at rocnn temperature. It is likdy 
that the CusPd phase behaves $Lnnlar)y to ad- 
sorbed Cu, as the energies of Pd-Cu bonds ^ 
similar. Nevertheless, for an unambigaous evi- 
dence one should prepare a catalyst with only 
Ca3pd phase on its surface (without Pd-rich alloy). 
Unfortunately^ this has not been succeeded yeL 
We tried to reproduce the result of the onjy refer- 
ence 127] in the literature of preparing Cu^Pd 
powder, but the product was far from being uni- 
form 117J. 

To our knowledge there is no reliable method 
for measuring the specific active surface area of 
Pd-Cil catalysts. As an approximation we used 
hydrogen wrption and X-r^ Kne broadening. The 
amount of sorbed hydrogien was calculated from 
the area under the polarization cutvcis (fig. 1). The 
shortcomings of the method are: (i) the Me/Hju^ 
ratio is considered to be 1.0, though it should 
depend on Cu content, $) there is still some 
dissolved hydrogen, which disappears only above 
40 at% Cu content [20] or at hi^ dispasity [28J, 
(iii) the hydrogen adsorbed on the carbon support 
of high surface area is not negligible. 

An approximate particle size was calculated 
from the X-ray line broadening of the Pd-rich 
disordered alloy phase ihkh 111). The problem 
was thai the presence of aUoy phases with various 
Cu contents caused an increase in half-width, too. 

Because of the uncertainties discussed above we 
con^dered only the sequence of catalysts A-D 
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accQTiliiig to the number of active ates: 
C>B>D'-A 

(from X-ray line broadsniixg), and 
C>B>D>A 

(from hydrogen soz^km). Hus is in astomshingly 
good coxrelation with the sequence of activities 
(taMe3): 

C>B>D >A. 

Exduding chance coinddence, the excelleat 
corrdadon concenmig some simple hydrogenation 
reactions can be ejcplaxned by tbe similarity in 
surface phase structure of the catalysts prepared 
by various simultaneous reduction methods. It 
follows that surface Cu and Cu^Fd phases (Hg, 1) 
bdiave similarly - both are inactive at 25° C and 
1 bar. NaturaSyt this assumption needs further 
evidence. 



4. Summary 

Tlie phase structure of the 7%Pd-3%Cu/C 
catalysts prq>ared by consecutive reduction re- 
sembles the so-called cfaeny-modd: unalloyed Pd 
is covered by unalloyed Cu and some adsorbed 
Cu. 

The catalysts prepared by simultaneous reduc- 
tion contained Pd-rich disordered alloy, unalloyed 
Cu and an intennetaHiQ cou^ound phase (Cu ^Pd). 
The presence of the latter could not be proved in 
the bulk by XRD. The t^\xq of the phases on the 
surface depended on the preparation method, but 
all three phases were present in every case. 
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